C. sinensis cv. Washington navel, C. sinensis cv. Tarocco and C. sinensis cv. Doppio Sanguigno from Dubrovnik Area (Croatia)
Citrus essential oils have been commonly attained by coldextraction procedures from the peels of fruits [1, 2] . The extraction process can be summarized: 1) the mechanical action ruptures the peel utricles and releases oil; 2) the stream of water transports the oil; 3) the oil and water are separated by centrifugation. From the residues of the cold-extraction process it is possible to recover the volatile oils by distillation [3] . Citrus oils are characterized in general by volatile and non-volatile fractions. The volatiles, which can constitute up to 99% of the entire oil, are predominantly composed of monoterpene and sesquiterpene hydrocarbons (extremely high limonene content is typical) and less of their oxygenated derivatives [4] [5] [6] . The non-volatile residue [1, 2] contains hydrocarbons, sterols, fatty acids, waxes, carotenoids, coumarins, psoralens and flavonoids (e.g. polymethoxylated flavones and flavanones). Citrus oils have been exploited in a variety of fields, ranging from food and beverages, to cosmetics, from pharmaceuticals (exhibiting a broad spectrum of biological activities [7, 8] ) to extensive employment in fragrances.
Supercritical fluid extraction (SFE) of plant flavors and fragrances utilizes supercritical fluids with numerous advantages [9] . SFE, carried out most times by CO 2 as the extractant, has been used to remove non polar compounds from citrus peels such as essential oils and the effect of SFE conditions on the extraction was analyzed [10] . Generally, supercritical CO 2 (SC-CO 2 ) behaves like a lipophilic solvent but, compared with liquid solvents, it has the advantage of selectivity or adjustable solvent power [1] . Therefore, SC-CO 2 extraction was the method of choice for the present study, particularly considering the high penetration power of SC-CO 2 inside the plant materials and its solvent power. As part of our continuing phytochemical research, the present study was undertaken to examine: 1) detailed GC-profiles of enriched SC-CO 2 extracts in comparison with the extracts obtained by simple pressing of Citrus peels; 2) possible differences and expected similarities among C. aurantium and C. sinensis cultivars peel extracts; 3) the comparison of GC-profiles of SC-CO 2 extracts with the literature data on Citrus peel essential oils.
The study presents the first report on SC-CO 2 extracts of the peels from C. aurantium and C. sinensis cultivars from Dubrovnik region (south Croatia). All the samples were collected during the fruiting period from the same region and extracted under identical experimental conditions. Therefore, it was possible to investigate the biodiversity of the samples related to different Citrus taxa. All the extracts were analyzed by GC-FID/MS. The results obtained by simple pressing of the peels from Citrus fruits (A-D) are presented in Table 1 . Eight volatiles were found, NPC Natural Product Communications 2015 Vol. 10 No. 7 1315 -1318 RI -retention indices according to C 9 -C 25 alkanes; * -tentatively identified; --compound not found; A-D -peels from Citrus plants from the experimental part the monoterpene limonene predominant (88.1%-91.6%), followed by β-myrcene (1.7%-2.5%), sabinene (0.5-2.3%), α-pinene (0.8%-1.2%) and linalool (0.5-1.0%). 7-Methoxy-8-(2-formyl-2methylpropyl)coumarin was only identified in C. aurantium peels. The scope of this simple method was directed toward obtaining typical GC profiles of the peel volatiles in order to obtain enriched SC-CO 2 extracts focused on typical volatiles (including oxygenated terpenes) and accompanying semi-volatiles since it is well known that experimental conditions cause differences in SC-CO 2 solvent power and, therefore, significantly influence the extraction process [9, 10] . For example, SC-CO 2 could be applied for the extraction of non-volatile flavonoids from Citrus peels at 80°C and 39 MPa in the presence of 85% ethanol as the modifier [11] .
SC-CO 2 extract composition:
Preliminary study revealed that SC-CO 2 at 20 MPa did not provide the expected typical GC profiles of Citrus peel volatiles comparable with Table 1 . Namely, the percentages of limonene as the major typical volatile compound of Citrus peels in general was significantly lower and ranged up to a maximum of 25%. On the contrary, remarkably higher percentages of oxygenated semi-volatile compounds (coumarin derivatives) were noted. Therefore, the peels of C. aurantium and C. sinensis cultivars were extracted by SC-CO 2 at 40 o C and 10 MPa at 1.76 kg/h that provided more characteristic GC profiles comparable with Table 1 . In comparison with Table 1 , it can be seen that SC-CO 2 extraction provided enriched profiles of volatiles and semi-volatiles with respect to oxygenated monoterepenes and sesquiterpenes, as well as to coumarin derivatives (Table 2) for all the samples owing to the high penetration into the plant materials and the solvent power of SC-CO 2 [9, 10] . Monoterpene hydrocarbons dominated in all the samples ( Table 2) with limonene predominant, ranging from 48.1% to 54.3%. Limonene percentages were lower in comparison with Table 1 , which is the consequence of the enriched extract profiles. Sabinene was highest in the peel oils of C. aurantium (10.0%) and C. sinensis cv. Tarocco (9.8%), while in the other samples it was lower than 5% ( Table 2 ). α-Pinene was also found in all the samples (0.2%-2.0%).
Oxygenated monoterpenes obtained by SC-CO 2 extraction were less represented in comparison with monoterpene hydrocarbons, but among them only linalool was found in all the samples by simple pressing (Table 1. ). The principal oxygenated monoterpenes were linalool (3.0%-5.9%), α-terpineol (0.7%-2.4%), linalyl acetate (0.0%-5.0%), geranyl acetate (0.1%-0.4%; not present in D), (Z)citral (0.05-1.8%) and (E)-citral (0.0%-1.9%). Cis-carveol (1.7%) and carvone (3.2%) were only found in C. sinensis cv. Doppio Sanguigno, while trans-carveol was highest in D (3.3%), but was also found in A (0.1%), B (0.8%) and C (0.2%). Sesquiterpene hydrocarbons were also present in minor amounts, such as trans-βfarnesene (0.2%-0.7%), trans-caryophyllene (0.3%-0.4%), (E,E)-αfarnesene (0.1%-0.6%) and δ-cadinene (0.1%-0.8%). Several RI -retention indices according to C 9 -C 25 alkanes; * -tentatively identified; ** -correct isomer not identified; -compound not found; A-D -peels from Citrus plants from the experimental part oxygenated sesquiterpenes were found such as nerolidol (0.1%-0.5%), farnesol (0.2%-0.9%) and β-sinensal (0.2%-0.9%; not present in C. aurantium peel oil). Sesquiterpenes were not found in the oils prepared by simple pressing of the peels (Table 1) .
Coumarin derivatives were identified by SC-CO 2 extraction in all the samples (Table 2) , while only 7-methoxy-8-(2formylpropyl)coumarin was found in C. aurantium by simple pressing of the peels (Table 1) . Isogeijerin (7-methoxy-6-(3-methyl-2-oxobutyl)-2H-1-benzopyran-2-one) dominated in the peels of Supercritical CO 2 extraction of Citrus peels Natural Product Communications Vol. 10 (7) 2015 1317
C. sinensis cv. Tarocco (15.3%) and C. aurantium (11.2%), while it was also present in B (2.0%) and D (3.0%). Scoparone (6,7dimethoxycoumarin) was present in all the samples ranging from 0.1% to 0.5%. Bergapten (up to 1.4%), osthole (7-methoxy-8-(3methyl-2-butenyl)coumarin up to 1.1%) and 7-methoxy-8-(2formylpropyl)coumarin (up to 1.1%) were found mostly in the peel oil of C. sinensis cv. Tarocco and less in A.
Comparing the obtained results by both applied methods, it is possible to notice remarkable similarities between the peel oil compositions of C. aurantium and C. sinensis cultivars from the Dubrovnik region, with limonene predominant. However, more enriched SC-CO 2 profiles indicated several differences. C. aurantium peel oil was characterized by higher percentages (in distinction from B-D) of linalool, linalyl acetate and geranyl acetate with a relevant abundance of sabinene and isogeijerin, similar to C. β-Sinensal was similar in B-D. The extracts of C. sinensis cultivars were comparable, although a few distinctions were noted e.g. the exclusive carvone presence and highest carveol isomers abundance in C. sinensis cv. Doppio Sanguigno extract with slightly higher percentages of oxygenated terpenes in comparison with A-C. C. sinensis cv. Tarocco extract could be distinguished from B and D by higher coumarin derivatives presence, particularly isogeijerin. C. sinensis cv. Washington navel extract contained the highest percentages of (E)-citral, β-sinensal and β-myrcene.
It is very difficult to compare reliably the results with other published data on Citrus peel essential oils from other geographic regions due to different extraction conditions and applied methods. In general, the results are comparable with previous reports [1, 2] . Compared with the extracts of C. sphaerocarpa Tanaka peel obtained by the conventional methods, the extracts by SC-CO 2 exhibited a lower content of monoterpenes and a higher content of oxygenated compounds and sesquiterpenes [12] , similar to those found in this study. The essential oils obtained from commercial citrus fruit by cold press extraction [13] contained limonene ranging from 59% to 85%. C. aurantium peel oil obtained by hydrodistillation [14] contained limonene (65.8%) as the major monoterpene hydrocarbon, followed by β-myrcene (2.9%) and αpinene (1.8%), while linalool (1.8%) and linalyl acetate (1.8%) were the most representative oxygenated monoterpenes. The composition of peel essential oils from four selected Tunisian Citrus species [15] also indicated limonene (92.5%-97.3%) as predominant, followed by β-pinene (1.4%-1.8%). Limonene was also dominant (77.5%) in the peel oil from C. sinensis obtained by steam distillation, followed by myrcene (6.3%), α-farnesene (3.6%), γ-terpinene (3.3%), α-pinene (1.5%), sabinene (1.3%) and other minor components [16] . SC-CO 2 extraction of the volatiles from the peel of Japanese citrus fruits (C. junos Sieb. ex Tanaka and C. sphaerocarpa Hort. ex Tanaka) also revealed limonene as the major compound from both fruits. Oxygenated compounds in these oils represented 7.7%, and 4.6% in yuzu and kabosu peel, respectively [17] . The peel extract of clementine (C. clementina Hort. ex Tan.) was obtained by cold pressing (CP) and SC-CO 2 extraction [18] . CP extraction led to a lower amount of oxygenated compounds (similar to this study with simple peel pressing) than SFE extraction; the main component was limonene (88.1-89.3%) followed by myrcene (4.6-3.8%). The oxygenated compounds present at higher levels were linalool (1.0-1.2%) and decanal (0.7-0.7%).
Experimental

Solvent and Citrus peel samples:
Diethyl ether was purchased from Kemika (HR-Zagreb) and distilled prior to usage. This study was carried out on peels obtained from 4 citrus taxa: Citrus aurantium L. (A), C. sinensis Osbeck cv. Washington navel (B), C. sinensis cv. Tarocco (C) and C. sinensis cv. Doppio Sanguigno (D). The plants were cultivated under the same climatic and cultural conditions in the Dubrovnik region (south Croatia). The fruits were collected during the fruiting period in November 2014 and processed fresh by removing the peels that were further ground and extracted.
Manual pressing of the Citrus peels: A sieve was put over a glass flask and the peels were manually pressed/squeezed into the sieve separately. The procedure was performed in duplicate for all the samples. The oils were collected in the flask and kept at 4-6 o C until GC-FID/MS analyses when the extracts were diluted with diethyl ether and 1 μL was inserted into the GC injector.
Supercritical CO 2 extraction (SC-CO 2 ):
The experiment was performed in a supercritical fluid extraction system explained in detail previously [19] [20] [21] . The ground orange peels (100 g) were placed into the extractor vessel and the extracts were collected in a separator in glass tubes at 1.5 MPa and 25°C. The extraction was performed at an extraction pressure of 10 MPa, a temperature of 40°C and a CO 2 mass flow rate of 1.76 kg/h. Duplicate extractions were performed. The extracts were kept at 4-6 o C until GC-FID/MS analyses when the extracts were diluted with diethyl ether and 1 μL was inserted into the GC injector.
